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CHAPTER I 
 
 
INTRODUCTION 
 
 
Problem Statement 
 
 
 The Devonian-Mississippian Woodford Shale is acknowledged as a prolific 
source rock across much of Oklahoma and the Midcontinent (Lambert, 1990).  
Geochemical analyses show that the Woodford is reasonably rich in organic matter, with 
total organic carbon (TOC) concentrations in the Arkoma basin varying between 2 to 6.5 
weight-percent (Hendrick, 1990).  The Woodford Shale features distinctive log 
characteristics that are traceable across the Arkoma basin and beyond.  The most 
distinctive feature is its “hot” gamma-ray signature.  Over the last two decades, attention 
has turned to development of unconventional resources such as gas-shales, including 
more recently the Woodford Shale.  Favorable market conditions have heightened interest 
in such plays within the last few years.  Fittingly, most of the Woodford activity in the 
Arkoma basin occurred in the last four years targeting Coal, Hughes, and Pittsburg 
Counties (IHS data, 2007).  One can justifiably presume that the early activity focused on 
areas within the basin where the Woodford is reasonably thick, suitably mature, and at 
depths that allow economic drilling.  
The purpose of this study is to evaluate the gas-shale potential of the Woodford 
Shale on a basin-wide scale. To achieve this objective, four main questions were pursued.  
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1.) Is it possible to use well logs to construct the stratigraphic framework of the 
Woodford Shale in the Arkoma basin?  2.) If so, what is the distribution of the three 
informal stratigraphic units of the Woodford Shale?  3.) Can log-derived characteristics 
help define the regional extents to which the known Woodford play can be extended 
successfully?  4.) What other analyses are useful in determining the economic potential of 
undeveloped areas?  No similar studies are published for the Woodford in the Arkoma 
basin, which emphasizes this endeavor’s purpose, considering the brisk progression of 
the Woodford play. 
 
Location of the Study Area 
 
 
 The study area encompasses most of the Arkoma basin in south-central Oklahoma 
(Figure 1).  Attention was focused on the “core” area of the shale-gas play (Andrews, 
2007) situated in Coal, Hughes, and Pittsburg Counties, in order to gain insight from the 
region where the Woodford is heavily targeted for production.  Knowledge gained from 
this area will then be applied to the undeveloped regions of the basin with respect to 
Woodford production.  The Arkoma basin extends from south-central Oklahoma into 
east-central Arkansas (Spötl et al, 1993).  It is a Paleozoic foredeep basin that formed as a 
result of the Ouachita orogeny (Meckel et al, 1992).  The Cherokee Platform and Ozark 
Uplift bound this province to the north and the Ouachita Mountains are south of the 
basin.  The Arbuckle Mountains serve as the western boundary of the Arkoma basin 
(Stefos, 2005).    
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Figure 1. General study area in gray, in the Arkoma basin of southeastern Oklahoma 
(modified after Johnson and Cardott, 1992). 
 
 
 
Overview of Woodford Play 
 
 
 As of writing, 215 wells produce from the Woodford in the Arkoma basin, 94 of 
these are horizontal; the remaining 121 are vertical (Plate 1).  In 65 of the existing wells, 
Woodford production is commingled with production from other zones, presumably 
reflecting low Woodford production rates (summary of all Woodford producing wells in 
Appendix A).  The highest cumulative production of all Woodford wells is .741 BCF 
from the Devon Energy, Billie Jean 1-20H, a horizontal well in section 20, T.3N., R.11E., 
Coal County, Oklahoma.  Newfield Exploration is the leading company by well count in 
the Arkoma Woodford play with 95 completed wells.  Devon Energy is second in well 
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count with 28, whereas Antero Resources and Chesapeake Energy both have 15 (IHS 
data, 2007). 
 By well count, the Woodford Shale play in the Arkoma basin commenced in 
earnest in 2004.  Before 2004, only 8 Woodford completions were filed, whereas in 2004, 
18 wells were completed with Woodford production.  57 completions followed in 2005, 
117 in 2006, and as of July, 15 completions were recorded thus far for 2007 (Plates 2-6).  
IHS data (2007) reports 126 wells targeting the Woodford with drilling status (Plate 7). 
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CHAPTER II 
 
 
LITERATURE REVIEW AND METHODOLOGY 
 
 
Literature Review 
 
 
The Late-Devonian Early-Mississippian Woodford Shale is known to have been a 
prolific source rock in Oklahoma (Comer and Hinch, 1987).  Up to 8% of the world’s 
original hydrocarbon reserves are estimated to have been sourced by the Woodford and 
its equivalents (Fritz et al, 1991).  Many geochemical studies are published that identify 
and quantify the Woodford’s organic carbon content (Lewan, 1983; Cardott and Lambert, 
1985; Comer, 1992; Hendrick, 1992; Kirkland et al, 1992; Lambert 1993).  Type-II 
kerogen is commonly the majority constituent with lesser abundance of both type-I and 
III kerogens (Lewan, 1983).  Several studies focused on determining source rock 
characteristics from geophysical logs with the ultimate goal of quantifying TOC from 
density and gamma-ray logs for the Woodford and its equivalents (Schmoker, 1979; 
Schmoker, 1981; Schmoker and Hester, 1983; Hester, Schmoker, and Sahl, 1990).  While 
useful, such empirical correlations are difficult to establish for the Woodford Shale in the 
Arkoma basin, as is illustrated in this study.  Other geochemical studies (Houseknecht et 
al, 1992; Hendrick, 1992) indicate that significant regions exist within the Arkoma basin 
where the Woodford Shale is within the proper maturity window to generate significant 
hydrocarbons.   
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Aufill et al (2006) documented difficulties in correlating formation radioactivity 
with TOC in the Woodford Shale.  From this research it was concluded that gamma-ray 
magnitude does not always correspond with organic richness.  These results indicate that 
anoxic or euxenic conditions – often presumed to be a requirement for source rock 
formation (Demaison and Moore, 1980) – did not continuously prevail during Woodford 
deposition.  Other Devonian-Mississippian Woodford-equivalent shales have displayed 
excellent correlation.  Schmoker (1981) sampled Devonian shales in multiple basins and 
determined that bulk density is inversely proportional with radioactivity, which in turn is 
directly proportional to TOC.  Formulas were then derived that calculate organic content 
from bulk density measurements.  But even for the shales in which this relationship was 
established, correlation was restricted to a particular region of the respective basin and 
areas were found in which it lost applicability.   
Another study of interest was compiled by Hester et al (1990).  The authors 
interpreted and mapped the three informal stratigraphic units of the Woodford Shale in 
the Anadarko basin and calculated the average TOC for each unit.  Their definition of the 
Woodford’s stratigraphic units is slightly different than that outlined in this study.  
Despite the Woodford’s strikingly similar gross character from basin to basin, there are 
significant differences in log signature between the Anadarko and Arkoma basins.  Hester 
et al (1990) based their interpretation on the concept that the Woodford was not a single 
depositional package.  The authors noted that by breaking the Woodford into its 
stratigraphic units, depositional changes are more easily interpreted.        
The initial purpose of this study was to map the Woodford and its three 
stratigraphic units across the Arkoma basin.  Accordingly, two papers of great 
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significance were the M.S. theses of Nikki Dennis (2004) and Michael Lambert (1992).  
Dennis (2004) mapped and analyzed the Woodford across a portion of Logan County, 
Oklahoma along the Nemaha Uplift.  This particular study area contained many older 
wells, and as such, the most reliable data set for investigation was electric logs.  Dennis 
(2004) defined both the stratigraphic makeup of the Woodford via well logs and 
identified potential methods for mapping the Woodford in areas beyond her study’s 
geographic area.  Lambert (1992) mapped the internal stratigraphy of the Woodford 
equivalent Chattanooga Shale, which he interpreted to also be composed of three units.  
Lambert mapped the Woodford across much of Kansas and correlated this framework 
with the Woodford Shale in northwestern Oklahoma.  From his mapping, Lambert (1992) 
found that the distribution of the three Woodford units was consistent with the theory that 
the shale was deposited during a transgressive event from the south.   
 
Bounding Strata 
 
 
The Woodford is overlain by Mississippian carbonates and mudrocks (Figure 2).  
Throughout much of the Arkoma basin these rocks are informally called the Osagean 
Mayes Formation, which is an argillaceous limestone (Maughan, 2006).  The Mayes is a 
subsurface name for the Ahloso unit of the Caney Shale (Boardman and Puckette, 2006).  
The Woodford Shale subcrop is far more variable, however, as Woodford deposition was 
preceded by an unconformity.  Over vast expanses of the basin, the Woodford 
unconformably overlies the Hunton Group, a collection of Ordovician-Devonian 
carbonates that contains significant hydrocarbon reservoirs.  These hydrocarbon 
accumulations are presumably sourced by the overlying Woodford shale (Johnson and 
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Cardott, 1992).  Hunton Group thickness varies widely, and is commonly inversely 
proportional with Woodford thickness.  In many areas a thin, highly eroded Hunton 
Group corresponds to thicker Woodford shale.  However, exceptions to this inverse 
proportionality are found throughout the basin.  These exceptions likely resulted from 
tectonics and modification of the surface upon which the Woodford was deposited 
following significant erosion of the Hunton Group.  It is expected that as the Woodford 
sea transgression and resultant deposition progressed northward out of the basin, the 
lower Woodford would be deposited first in the deeper basinal settings and would then 
onlap onto the shelf.  The Woodford would preferentially fill low topography and later 
onlap positive features.  The Hunton Group was extensively eroded even in northern 
portions of the basin and uplifted prior to Woodford deposition.  As a result, thin 
Woodford sections overlie thin remnants of the Hunton Group in many locations within 
the basin (Figure 3). 
In cases where the Hunton Group was entirely removed by erosion, the Woodford 
commonly rests upon the Upper Ordovician Sylvan Shale (Figure 4).  An even less 
frequent occurrence arises where the Sylvan was also removed, and Woodford was 
deposited upon the eroded surface of the Upper Ordovician Viola Limestone. 
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Figure 2. Generalized stratigraphic nomenclature for Ordovician to Mississippian strata 
in study area (modified after Perry, 1995). 
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Figure 3. Example of thin Woodford shale resting on relatively thin Hunton Group 
carbonates.  Gamma-ray and resistivity wireline well-log section from Liberty, Charlotte 
No. 1, located in Section 25, T.8N., R.8E., Hughes County. 
 
 11 
 
Figure 4. Example of Woodford Shale resting on Sylvan Shale due to complete erosion of 
Hunton Group.  Gamma-ray and resistivity wireline log section from Devon Double 5 
Ranch No. 1-18, located in Section 18, T.3N., R.11E., Coal County. 
 
 12 
Methodology 
 
 
This study is entirely based on geophysical-log measurements of the Woodford 
Shale.  Wireline well logs are the most readily available dataset for subsurface 
investigation, and thousands of logs were available from industry sources, as the Arkoma 
basin is a well-established gas-producing basin.  The Woodford was identified in 702 
wells (Plate 8) and stratigraphic units were established in 412 of these (well-by-well 
picks listed in Appendix B).  This recognition of stratigraphic boundaries allowed for 
basin-wide mapping of the Woodford structure, thickness, and extents of individual 
stratigraphic units.  Wireline log measurements were collected on a subset of 82 wells 
scattered throughout the basin, with a majority focused in the core area of the Woodford 
play, as this area contains the best collection of modern well logs for the Woodford 
interval.  Cores inherently provide more detailed information, but most existing cores are 
proprietary holdings of the major participants in the Woodford play. 
 Mapping the Woodford’s gross thickness is greatly facilitated by the formation’s 
distinct gamma-ray character (Figure 5).  The Woodford is enriched with uranium, which 
is the driving constituent for its total radioactivity (Krystyniak, 2005).  The relative 
abundance of uranium, thorium, and potassium are evident on spectral gamma-ray logs 
(Figure 6).  The top of the Woodford is characterized throughout much of the basin by a 
‘transitional’ contact with the overlying Mississippian shales and limestones (Dennis, 
2004).  Correlation of the gamma-ray signature with resistivity and density values allows 
for a consistent determination of the top of the Woodford.   
Beyond picking the total shale interval, the informal stratigraphic units that 
compose the Woodford were also identified.  The Woodford Shale is traditionally 
 13 
 
Figure 5.  Induction well log section of the Woodford Shale from the Chesapeake, 
London No. 1-31, located in Section 31, T.7N., R.14E. 
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Figure 6.  Spectral gamma-ray log section from the Newfield Exploration, Robbie G. No. 
1-34, located in Section 34, T.5N., R.12E.  Note the similarity between the uranium curve 
and total gamma content curve (KUT, left side of depth track), which illustrates that 
uranium is the driving radioactive constituent. 
 
 
 15 
subdivided into three units (Hester et al, 1990) that are readily identifiable from 
interpretation of resistivity and gamma-ray signatures.  As this is strictly a log-based 
interpretation, it is important to note that this mapping method is based on the author’s 
hypothesis that three distinct units are visible on well logs of the Woodford interval.  
Despite the ease with which the Woodford can be identified from its distinct log 
signatures, picking the stratigraphic units requires a greater level of confidence provided 
by better quality (modern) logs.  This ruled out many older wells that lacked distinctive 
signatures and wells that terminated in the Woodford and did not drill into underlying 
strata. 
 
Further Methods of Investigation 
 
 
 An important hypothesis regarding hydrocarbon generation is that as 
hydrocarbons are generated within source shales, formation water is displaced from the 
shale (Selley, 1998).  The typical “gas-effect” response on a porosity log does not usually 
occur in shales as a result of the tendency of the neutron-porosity tool to be affected by 
bound water.  One method used in industry for a “quick-look” analysis of gas shales is to 
generate synthetic seismic logs from resistivity using the Faust equation and from bulk 
density using the Gardner equation, and plot the two logs together (Core Labs, 2007).  
The two synthetic curves compared in this study provide a decent qualification, but not 
quantification, of gas in gas-shales.  This comparison is shown in Chapter 4. 
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CHAPTER III 
 
 
ELECTROSTRATIGRAPHY AND THICKNESS 
 
 
Electrostratigraphy 
 
 
 The three units of the Woodford Shale were identified primarily from induction 
resistivity and gamma-ray curves.  The basis for subdividing the Woodford was the 
consistent recognition of three distinct resistive packages within the total resistivity 
signature across the interval (Table 1).  These packages tend to correspond with gamma-
ray variation, so having both curves for a particular well is useful for correlation.  Based 
on induction resistivity logs, the Woodford is consistently observed to possess an 
upward-decreasing resistivity character throughout the study area.   
Average resistivity of the Woodford section varies greatly throughout the basin 
and is observed to range from 10 to 250 ohm-m.  Despite this marked variance in 
resistivity values, recognition of each unit’s profile is possible over vast areas.  The 
continuity of log signatures suggests that there is merit in dividing the Woodford Shale in 
this manner.  Of the three packages, the resistive character of the lower Woodford is 
more difficult to broadly characterize due to its greater variation in thickness and 
distribution (Figure 7).  The resistivity profile of the middle Woodford is the most 
consistent and usually exhibits upward-decreasing character (Figure 8).  The upper 
Woodford tends to be the least resistive of the three and is separated from the middle 
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Woodford by a break in resistivity.  The upper Woodford typically displays sharply 
decreased resistivity values compared to the underlying middle Woodford and overlying 
Mississippian strata (Figure 9).  This distinct break in resistivity can be helpful in 
determining the top of the Woodford when several high gamma-ray value stringers are 
present in the overlying Mississippian strata.    
 
 
 
Table 1. Observed characteristics of each informal stratigraphic unit. 
 
 
 18 
 
 
   
Figure 7. Induction resistivity log from Newfield Exploration Stark No. 2-4, Section 4, 
T.5N., R.13E., with lower Woodford unit highlighted.  The lower Woodford unit is 
characterized by relatively high gamma values (430 API average) with minimal 
difference between high and low values.  Resistivity is arcuate shaped with higher values 
in the middle. 
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Figure 8.  Induction resistivity log from Newfield Exploration Stark No. 2-4 with middle 
Woodford unit highlighted.  The middle Woodford unit is characterized by highly 
variable gamma-ray values (416 API average).  The resistivity profile has 2 to 3 higher 
resistivity segments separated by lower values. 
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Figure 9.  Induction resistivity log from Newfield Exploration Stark No. 2-4 with upper 
Woodford unit highlighted.  The upper Woodford unit is characterized by downward 
increasing gamma-ray values (305 API average).  Resistivity tends to be blocky with 
pronounced breaks at top and base. 
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Significance of Hunton Group Thickness  
 
 
Previous studies have illustrated the inverse relationship of Woodford thickness to 
underlying Hunton Group thickness.  The ideal thickness response between these two 
formations is only applicable in certain portions of the basin.  A basin-wide comparison 
shows just how poorly the two thicknesses compare (Figure 10). Because regional 
tectonism and localized folding and faulting modified the pre-Woodford surface prior to 
and possibly concurrent with Woodford deposition, Hunton Group strata can be almost 
completely removed (Hunton Group Thickness map in Plate 9).  As a result, thin 
Woodford commonly overlies relatively thin Hunton Group remnants in northern 
portions of the basin (S-N cross-section in Plate 10).  Likewise, some areas in which the 
Hunton Group was not as significantly removed would later become deeper portions of 
the Oklahoma basin prior to or during Woodford deposition.  In this case, thick 
Woodford sections, often containing all three intervals, are observed to overlie thick 
Hunton Group.   
 It was discovered that Woodford and Hunton Group gross thicknesses from Coal 
County did display an excellent inverse relationship, despite the lack thereof basin-wide 
(Figure 11).  In this part of the basin, total Woodford thickness is consistently inversely 
proportional with Hunton Group thickness.  Dennis (2004) determined that the lower 
Woodford unit should behave in this manner, as it is interpreted to have filled in the lows 
created by pre-Woodford erosion.  This comparison of the lower Woodford unit to 
Hunton Group thickness holds true for the well-logs examined from Coal County as well 
(Figure 12). 
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Figure 10. Basin-wide comparison of total Woodford Shale versus gross Hunton Group 
thickness.    
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Gross Woodford vs Hunton Thickness (Coal County wells only)
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Figure 11. Comparison of total Woodford and Hunton Group thicknesses in wells from 
Coal County.  Note the inverse trend of thicker Woodford atop thin Hunton Group as 
well as the converse.   
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Lower Woodford vs Hunton Thickness (Coal County wells only)
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Figure 12. Comparison of Lower Woodford and Hunton Group thickness in Coal County.  
The inverse proportionality is more pronounced than the total Woodford to Hunton 
Group comparison. 
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Total Woodford Thickness 
 
 
Total Woodford shale thickness in the study area ranges from 15 feet in northern 
portions of the basin to as thick as 240 feet in the southwest, with an average observed 
thickness of 84 feet (Plate 12).  Two main depocenters are apparent from the gross 
Woodford isopach.  One is located in western Hughes County and another in northern 
Atoka, southern Pittsburg, and eastern Coal Counties.  Woodford total thickness is in 
excess of 200 feet thick in these two regions.  The Woodford structure map (Plate 13) 
indicates that the Woodford ranges from sub-sea depths of 2,000 to 12,000 feet in the 
Arkoma basin. 
 
Lower Woodford Thickness 
 
 
The lower unit is markedly absent in much of the shallower portions of the basin 
(see Plate 14) presumably due to onlap onto a paleoshelf.  The lower unit ranges from 0 
(absent) to 95 feet thick with an average thickness of 32 feet.  The thickest lower 
Woodford interval is within the southern Woodford depocenter in T.2N., R.12E.  
Thickness in excess of 90 feet is observed in this portion of the Arkoma basin, whereas 
the lower unit is 70 to 80 feet thick within the depocenter in Hughes County.  The lower 
unit’s variance in thickness is observed to display the strongest correlation with Hunton 
Group thickness, and this tendency is most clearly illustrated in southern portions of the 
Arkoma basin, such as in Coal County (see Plate 15 for cross-section).  Because the 
Woodford is interpreted to have been deposited during a transgressive event from the 
south, it follows that the thickest lower Woodford sections would fill topographic lows on 
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the highly eroded Hunton Group surface.  It is interpreted that syndepositional tectonics 
altered the unconformity surface upon which the Woodford was deposited such that an 
inverse thickness relationship is obscured throughout much of the Arkoma basin.  The 
lower Woodford unit thins roughly to the north and its updip limit occurs around T.7N. to 
T.8N., as north of this area the unit is absent from the Woodford section. 
 
Middle Woodford Thickness 
 
 
The middle unit was determined to be the thickest and is characterized by higher 
gamma-ray and resistivity measurements than the upper unit (Table 1 and Figure 8).  It is 
discernable from the upper and lower units by a distinct break in resistivity (on the order 
of 30 to 50 ohm·m) in addition to gamma-ray variation.  In the Arkoma basin, the middle 
unit ranges from 0 (absent) to 119 feet thick with an average thickness of 42 feet.  
Thinning occurs primarily to the north (see Plate 17) and the middle unit is notably 
absent in northern portions of the basin.  This thinning and absence may represent 
thinning onto the paleoshelf.  The middle Woodford was preferentially deposited in the 
Woodford depocenter located in Hughes County (T.5N., R.8 and 9 E.).  Because the 
lower Woodford unit had the tendency to fill in Hunton Group lows, the middle 
Woodford does not display a marked proportionality with Hunton Group thickness.     
 
Upper Woodford Thickness 
 
 
The upper unit’s transitional nature into several thin, high gamma-ray value 
streaks (150+ API units) and the higher gamma readings in the lower Mississippian can 
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make determining a definitive Woodford top difficult.  Resistivity and density logs were 
used in conjunction with gamma-ray to ensure a consistent pick of the Woodford top 
across the study area.  The upper unit of the Woodford is interpreted to be ubiquitous and 
only moderately variable in thickness throughout the basin, ranging from 5 to 60 feet 
thick with an average thickness of 29 feet (Plate 18).  The upper unit tends to thicken 
slightly over the Woodford depocenters and also exceeds thicknesses of 40 feet in 
northeast Pittsburg and western Haskell County. 
 
Significance of Mapping to Woodford Play 
 
 
Explicit economic significance of each unit is difficult to ascertain from 
distribution patterns alone.  It has been determined that upper portions of the Woodford 
Shale contain interbedded chert layers (Krystyniak, 2005), which provide a brittle, 
competent zone in which induced fractures are more likely to propagate and persist.  
Induced fractures are difficult to maintain in fissile layers as they tend to heal or fail to 
propagate due to the ductile behavior of the rock.  Although the upper unit contains 
lithologies known to enhance induced fractures, the ubiquitous nature of the upper unit 
suggests that it alone is not a determining factor for productive Woodford Shale.       
 It has been noted that the lower-most unit of the Woodford is absent throughout 
much of the northern region of the basin.  Although the direct significance of its absence 
to economic production is not completely known, the result of this research suggests that 
it is an important component to an economic Woodford well.  Considerable volumes are 
published correlating both gamma-ray and bulk density to organic content, and using 
these two parameters as a guide, the lower unit would appear to be potentially rich in 
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organic material.  Logically, the more organic-rich intervals stacked in a Woodford 
section, the greater the amount of potentially generated and stored hydrocarbons.   
A thicker Woodford section could also reduce complications with well 
completion, as induced fracture behavior can be difficult to control.  One concern with 
Woodford fracture treatments is that the fractures can spread out of the shale into the 
underlying Hunton Group.  This can be detrimental to production if the Hunton Group 
contains significant volumes of water, as production can be slowed or halted by water 
entering the formation (Maughan, 2006).  
An important implication of understanding Hunton Group distribution is that 
finding areas in which the Hunton is absent could be beneficial both to the Woodford’s 
ability to retain internally generated hydrocarbons and to simplifying Woodford 
completions.  In areas where the Woodford overlies the Sylvan Shale it would follow that 
being bound by lower permeability carbonates and shale above (Caney Shale) and shales 
below would help contain gas within the Woodford.  If the Viola Group lacks porosity in 
regions where the Sylvan Shale was also eroded, the Viola could act as a better bounding 
seal than the Hunton Group.  It should be noted that not every formation within the 
Hunton Group contains significant porosity in the Arkoma basin, so Woodford underlain 
by Hunton Group is not necessarily detrimental. 
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CHAPTER IV 
 
 
PETROPHYSICAL PROPERTIES OF THE WOODFORD SHALE 
 
 
Introduction 
 
 
 Various log curves (GR, bulk density, density porosity, and deep resistivity) were 
digitized for 82 wells for inter-well correlation purposes and intra-Woodford comparison 
on a foot-by-foot basis.  Average basin-wide characteristics were then determined based 
on this collection of digitized data.  Investigation of log-measured characteristics was 
narrowed down to this smaller dataset (82 wells) due to availability and quality of log-
curves of interest.  Gamma-ray curves act as an excellent correlation tool, but can be 
difficult to acquire in areas without modern development.  Gamma-ray curves with 
multiple stages of scale-change are difficult to find as well, as many gamma-ray logs are 
set to cut off display at an arbitrary value, commonly 300 to 400 API.  When highly 
radioactive spikes (greater than 300 to 400 API units) are not visible, the log is of little 
use for correlation or data gathering.  Density logs are also of interest but they too can be 
limited by the vintage of the well.   
Crossplots of gamma-ray and bulk density resulted in highly scattered 
distributions with only weak inverse correlation (Figure 13).  In general, high gamma-ray 
values are observed to correspond with high density portions of the shale and low 
gamma-ray values occur with low density measurements.  An examination of the 
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comparison between gamma-ray and bulk density for individual wells suggests that 
multiple populations may exist in the Woodford Shale (Figure 14).  The inherent problem 
with applying this technique in the Woodford Shale is that gamma-ray intensity is 
apparently not a reliable indication of organic content (Aufill et al, 2006).  Despite this 
inconsistency, lower densities observed in southwestern portions of the basin along with 
progressively higher resistivities still suggest that the Woodford is possibly more organic 
rich or contains more hydrocarbons than in areas of higher density and lower resistivity 
even if a quantitative relationship cannot be determined.   
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Figure 13. Gamma-ray plotted against bulk density, both digitized from logs at one foot 
intervals.  Six wells were used for this plot.  Although a slight inverse relationship may 
be interpreted, data are scattered. 
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GR versus Bulk Density
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GR versus Bulk Density
Chesapeake Harlow No. 30-1 
0
100
200
300
400
500
600
700
800
900
2.200 2.300 2.400 2.500 2.600 2.700 2.800
Bulk Density (g/cc)
G
R
 
(A
PI
)
 
Figure 14. Gamma-ray plotted against bulk density for the Chesapeake, Treasure Cove 
No. 29-A, Section 29, T.9N., R.18E., Haskell County and Chesapeake, Harlow No. 30-1, 
Section 30, T.4N., R.12E., Pittsburg County.  Interestingly, lower densities are observed 
for Woodford located in the southwestern portion of the basin.  
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Total Woodford Characteristics 
 
 
Gross porosity and bulk density values were determined by examining logs from 
82 wells.  Average density-porosity for the gross Woodford section is 12.8%, an 
uncorrected measurement from porosity logs run on a limestone matrix (2.71 g/cc).  
Average bulk density for the Woodford Shale in the study area is 2.49 grams/cc.   
 
Lower Woodford Characteristics 
 
 
Gamma counts range from 190 to 731 API units in the lower Woodford with an 
overall average magnitude of 431 API units (based on 38 wells).  The wide variance is 
likely partially the result of logging tool inconsistencies.  As with the middle unit, 
resistivity commonly remains above 100 ohm-m throughout the entire lower unit, with 
peaks above 1000 ohm-m.  This extremely high resistivity is thought to represent 
saturation by internally generated hydrocarbons.  Correspondingly, the lower unit also 
has the lowest density of the three units, averaging 2.45 g/cc. 
 
Middle Woodford Characteristics 
 
 
The middle unit often contains the ‘hottest’ gamma-ray streak within the 
Woodford, although the lower unit features high gamma-ray counts as well.  Average 
gamma-ray counts for the middle unit (based on 62 wells) range from 210 to 680 API 
units with an overall average of 416 API units.  Although gamma-ray logs are inherently 
suspect for quantification purposes, gamma counts of nearly 1000 API have been 
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observed in southwestern portions of the Arkoma basin in the middle unit.  Average 
density for the middle unit is 2.50 g/cc.   
 
Upper Woodford Characteristics 
 
 
Along with lesser thickness, the upper unit also has lower gamma-ray counts than 
the other two units, with a calculated unit average of 305 API units (based on 70 wells).  
Gamma-ray intensity, on average, ranges from 126 to 526 API units.  In addition to lower 
radioactivity, the upper unit is also distinguished by lower resistivity values, which 
possibly correspond with a leaner TOC content.  Possibly fewer hydrocarbons were 
generated or stored in the upper unit, keeping resistivity values lower than the rest of the 
formation.  Bulk density also points to this possibility, as the upper unit is the densest of 
the three, with an average density of 2.51 g/cc. 
 
Defining Limits of Economic Potential 
 
 
An important factor for defining the limits of economic Woodford Shale 
development in the Arkoma basin is the thermal maturity of the shale.  Although vitrinite 
reflectance is the commonly accepted measurement of thermal maturity, Schmoker and 
Hester (1990) have proposed that deep-induction resistivity measurements can be used as 
an indicator of the presence of hydrocarbons within the Woodford Shale.  This serves as a 
favorable surrogate measurement, since the theory behind vitrinite reflectance makes 
some measurements inherently inaccurate (Cardott 1994).  Of possible significance to the 
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Woodford play is the presence of major gas reserves in the Arkoma basin in rocks 
thought to be overmature (Houseknecht et al, 1992).   
Shales tend to be conductive due to their water content, so a typical shale 
response on a resistivity log is that of a shale “base-line” curve of low resistivity values.  
Theoretically, as hydrocarbons are produced in a source rock, water is expelled from the 
formation and the pores become saturated with hydrocarbons, which leads to an increase 
in resistivity.  Schmoker and Hester (1990) determined that a formation resistivity of 35 
ohm-m corresponded with the onset of internally generated hydrocarbons in the 
Woodford Shale of the Arkoma basin as well as in other equivalent source shales.  
Resistivities would then theoretically climb toward infinity as hydrocarbon generation 
and storage continued.  Formation resistivity values in the Arkoma Basin range from less 
than 20 to beyond 500 ohm-m on average through the entire Woodford section (see Plate 
19).  One explanation for the increased resistivity would be that the shale has lost much 
of its original water content due to the generation of hydrocarbons.   
Moving north and east from the core area it is observed that Woodford 
resistivities decrease.  Of concern is the resistivity of the Woodford in northern portions 
of the Arkoma basin, in which values range from below 20 to 35 ohm-m.  These values 
would suggest that the boundary of thermally generated hydrocarbons runs through 
portions of northern Hughes and Pittsburg counties as well as southern McIntosh and 
Haskell County.  Using resistivity as a guide places doubt on economic development of 
thermogenic gas from the Woodford in the northern portions of the basin.  
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Petrophysical Properties 
 
 
Understanding the resistivity and density characteristics of the Woodford lends 
confidence to the assumption that gas content can be identified with Faust and Gardner 
equation-derived sonic logs.  The Faust equation generally equates high resistivity with 
‘tight’ rocks, such as limestones and low-porosity sandstones and a fast interval velocity 
(low interval transit time) is calculated for high resistivity values.  Similar assumptions 
are made for the Gardner equation.  Tighter, highly cemented rocks tend to be of higher 
bulk density than those with significant porosity, and as such, higher bulk densities 
calculate faster interval velocities (low interval transit times).  Since a rock’s porosity is 
filled with either gas or liquid, both of which are usually of lower densities than the 
surrounding formation, lower rock bulk densities tend to be calculated for porous rocks 
(Selley, 1998).  Low densities, in turn, generate slow interval velocities using the Gardner 
equation, since fluids would transmit a sonic signal significantly slower than a solid 
material.   
High-resistivity and low-density portions of the rock generate two distinctly 
different synthetic sonic curves, and the separation can be on the order of 20 to 30 µ-
sec/ft.  Such synthetic sonic logs were generated for several wells throughout the basin in 
order to compare results (Figures 15 and 16).  Although there is reasonable correlation 
between sonic crossover footage and production from qualitative observations, it is not 
clear that this method alone is sufficient to define zones of higher volume production as 
other rock characteristics and completion techniques obviously influence well 
performance.  An important caveat for this method is the limitation of vertical Woodford 
production.  Vertical wells are required to generate synthetic sonic logs, but vertical 
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production from the Woodford does not yet appear to be economic.  Thus comparisons of 
crossover footage to production offer limited insight into productive potential because the 
vertical wells inherently suffer from limited rates. 
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Figure 15. Synthetic sonic curves generated for the Chesapeake London No. 1-31.  Note 
that significant crossover (10+ µsec/ft) only occurs over about 12 feet and Woodford 
initial potential tests and production were low volume.  Second completion report filed 
indicates that the well no longer produces from the Woodford.     
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Figure 16.  Synthetic sonic curves generated for the Newfield Andrew well.  Significant 
crossover (10+ µsec/ft) spans the entire Woodford section and initial potential tests were 
accordingly higher volume.  It is important to note that few Woodford vertical wells have 
sustained high rates of production.   
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CHAPTER V 
 
 
CONCLUSIONS 
 
 
 Based on the integration of log-derived and production data, the following 
conclusions were formulated.  Four basic questions concerning the Woodford Shale were 
addressed in this study.  1.) Is it possible to establish the stratigraphic framework from 
well logs of the Woodford Shale in the Arkoma basin?  2.) What is the distribution of 
each of the informal stratigraphic units?  3.) Can log-derived characteristics help define 
the regional extents of economic Woodford shale, and what are the compiled 
characteristics?  4.) What other analyses are useful in determining economic potential of 
the Woodford? 
Using the foundation provided by previous studies, it was determined that 
informal stratigraphy could be interpreted from well logs in the Arkoma basin.  From this 
conclusion, the Woodford’s three informal stratigraphic units were identified across the 
basin. 
Isopach maps indicate that the upper unit is the least variable in thickness of the 
three and that the thickness of the lower unit is highly variable due to in-filling of paleo-
depressions in the underlying Hunton Group.  Accordingly, the thickness of the lower 
unit is approximately inversely proportional to Hunton Group thickness in southern 
portions of the basin.  All three units tended to preferentially fill similar depocenters in 
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the western and southern parts of the basin to that of the total Woodford.  However, the 
upper unit had an additional discreet depocenter located in the north-central portion of the 
basin.  The economic significance of each unit’s distribution is not readily apparent, 
although it would seem that the presence of reasonably thick lower Woodford could only 
be beneficial.   
The average thickness of the lower, middle, and upper units in the study area is 
32, 42, and 29 feet, respectively.  All three units feature relatively high gamma-ray 
intensity, averaging 431, 416, and 305 API units for the lower, middle, and upper, 
respectively.  Bulk density varies slightly for each unit, ranging from 2.45, 2.50, and 2.51 
g/cc in the lower, middle, and upper units, respectively.  The gross Woodford Shale 
section averages 2.49 g/cc throughout the study area.  Despite the apparent lack of tight 
correlation between bulk density and gamma-ray (and presumably TOC) in the Woodford 
Shale, the result of this study would suggest that the lower Woodford unit possibly has 
the highest organic content. 
Perhaps equally significant to internal characteristics and variations is the 
Woodford subcrop.  The Hunton Group can be a detriment to Woodford production in 
multiple ways.  Significant porosity within the Hunton Group could provide a pathway 
for considerable volumes of gas to escape from the Woodford.  Induced fractures can also 
be detrimental to Woodford production if they enter an underlying water-wet Hunton 
Group.  For both reasons it would follow that Woodford Shale development should target 
areas where the Hunton Group was entirely removed by erosion, and areas where the 
Woodford overlies the Sylvan Shale could be especially promising.   
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Synthetic sonic log generation and comparison appears to be a promising “quick-
look” method for gas-shale evaluation.  Although restricted to vertical wells, some 
correlation between synthetic crossover (between Faust and Gardner curves) and 
production volumes appears to exist.  Certainly this method should not be considered a 
quantification of gas content, but instead act as a surrogate indication of the presence of 
gas despite the lack of traditional porosity-log crossover. 
 
Future Work 
 
 
 Future studies of the Woodford Shale in the Arkoma basin would greatly benefit 
from core analyses.  Vertical cores through the entire Woodford section would be 
extremely valuable in determining the stratigraphic framework of the shale.  Also 
beneficial would be the ability to compare lab-measured petrophysical properties to those 
measured on well logs.  Such research could advance log interpretation of the Woodford 
Shale.  Paleontological information garnered from core studies would also be invaluable 
in determining the stratigraphic framework of the Woodford.  A more in-depth study of 
Woodford thickness versus Hunton Group thickness could also be valuable for targeting 
areas for production.  Although our understanding of gas-shales is still incomplete, the 
Woodford play is progressing rapidly and will only benefit from knowledge gained from 
future stratigraphic and geochemical studies.      
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APPENDIX B: ALL WOODFORD PICKS (702) 
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PLATES 
Plate 1. All 215 Woodford producing wells as of 7/07.  Blue highlighted wells are 
horizontal (94), red are vertical (121).
66
Plate 2. Pre-2004 Woodford completions (8) highlighted in yellow.
67
Plate 3. 2004 Woodford completions (18) highlighted in 
yellow, pre-2004 completions in gray.
68
Plate 4. 2005 Woodford Completions (57) highlighted in 
yellow, pre-2005 completions in gray.
69
Plate 5. 2006 Woodford Completions (118) highlighted in 
yellow, pre-2006 completions in gray.
70
Plate 6. 2007 Woodford completions (15) as of 7/07 highlighted in 
yellow, pre-2007 completions in gray.
71
Plate 7. All Woodford targeting wells with drilling status (126) as of 7/07.
72
Plate 8. All wells with Woodford top picked (702).
73
Plate 9. Total thickness of Hunton Group, CI = 25 ft.  
Boundary of mapped area determined by well data.
74
75
S N
Plate 10. South-North cross-section of gamma-ray and resistivity logs illustrating Woodford 
shale thinning to the north in the Arkoma basin.  Note that the Hunton Group is absent or 
nearly absent in all but the southern-most (Apache Crow) well.  Relatively thin Woodford 
shale overlies the Sylvan Shale in the more northern (Jay Sanders and Hunton Oil and 
Gas Kobe) wells. 
Woodford
Middle Wdfd.
Lower Wdfd.
Hunton Group
Sylvan Shale
Plate 11.  Map indicating location of cross-section shown in Plate 10.
76
Plate 12. Total thickness of Woodford Shale, CI = 10 ft. 
Boundary of mapped area determined by well data.
77
Plate 13. Woodford Structure map, CI = 500 ft.  Based on 702 wells.  
Limits of contouring defined by well data.
78
Plate 14. Thickness of Lower Woodford unit, CI = 10 ft.
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Plate 15. SW-NE cross-section of gamma-ray and resistivity 
logs from Coal County illustrating thickening of total Woodford 
and the lower Woodford unit over area with thin Hunton Group. 
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Plate 16.  Map indicating location of cross-section shown in Plate 15.
81
Plate 17. Thickness of Middle Woodford unit, CI = 10 ft.
82
Plate 18. Thickness of Upper Woodford unit, CI = 5 ft.
83
Plate 19. Average resistivity (ohm-m) of the total Woodford.  
Higher values in the southwest part of the mapped area suggest greater thermal maturity.
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